Introduction
The need to determine the concentration of ascorbic acid in water media (including biological liquids) is difficult to overestimate. The importance of this substance is obvious since it is one of the main biologically active molecules and a common component of biological environments. The interest in ascorbic acid (AA) quantitative determination can be traced from the 1930s (Fig. 1) , and it still keeps increasing. Among analytical methods used for this purpose, colorimetry, spectroscopy and titrimetry can be pointed out as being the most popular. Electrochemical methods of AA concentration determination appeared and started their raise in the mid-1950s (Fig. 1, inset) . Since then, the number of publications on this topic has been steadily increasing with accelerating intensity, which means that the interest to develop of AA determination methods does not become quenched.
The electrochemical determination of ascorbic acid is based on its irreversible anodic oxidation on the surface of a working electrode. In this research field, the main points under consideration are increasing the sensitivity and selectivity of the analysis, decreasing the detection limit, decreasing the cost of the analytical procedure, and its duration. These purposes can be achieved by using of modified electrodes for electro-chemical analysis.
For example, Zhou et al. 1 used gold electrode modified with polymer and superconductive carbon black. This has allowed them to achieve quite good metrological indices, such as a detection limit of 5 × 10 -8 M of ascorbic acid. Kuss et. al. 2 also used an Au electrode modified with N,N,N′,N′-tetramethyl-paraphenylene-diamine. But it is more practical and economically reasonable to replace a gold electrode with a carbon one that is cheap and easy to operate. A glassy carbon electrode is a quite popular object for modification, for example, with Au nanoparticles (NPs), [3] [4] [5] Ag NPs, 6 ZnO, 7 etc. Zhai with coauthors 8 developed a method for glassy carbon electrode modification with a polymeric membrane containing cellulose acetate and multiwall carbon nanotubes. The obtained electrode gave a linear range of 10 -1000 μM of ascorbic acid with a recovery rate range of 94.0 -108.8%. In our opinion, polymeric modifiers are complicated, and they require a difficult 2017 © The Japan Society for Analytical Chemistry † To whom correspondence should be addressed. A carbon screen-printed electrode was modified with copper nanoparticles from their dispersion obtained via pulsed laser ablation of a copper target in ethanol. The modified electrode exhibited activity in ascorbic acid electrochemical oxidation, giving an anodic current peak on voltammograms. Linear sweep and cyclic voltammetry have shown a linear dependence of the signal (both peak height and peak area) on the ascorbic acid concentration. The linear range from 1 to 250 μM of ascorbic acid was studied, and the detection limit was experimentally found to be 0.5 μM. The amperometric response to the addition of ascorbic acid portions into the solution was recorded. For the case of the simultaneous presence of ascorbic acid and glucose, two separate signal were obtained. Thus, the modified electrodes are characterized by the following advantages: disposable use; small amount of the samples required for the analysis; lower price (cheap copper is used); simple and easy modification procedure; good metrological characteristics; selectivity.
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Zhang et al. 9 proposed using glassy carbon electrode with a complex modifier consisting of Au/ZnO core-shell nanoparticles on a graphene surface. The linear range was from 10 -7 up to 10 -4 M, and the detection limit was of 3.9 × 10 -8 M. Sangsefidi with co-authors 10 proposed to modify a pencil graphite electrode with CeO2/multi-wall carbon nanotubes (MWCNs). This allowed them to decrease the detection limit down to 8 nM.
Along with the already mentioned improvements, a decrease in the amount of liquid for a single analysis is quite an attractive point (especially for clinical analyzes). This can be achieved by using screen-printed electrodes allowing one to analyze a single drop of a liquid sample.
Screen-printed electrodes are disposable, which eliminates any need to regenerate the working surface and to reduce the risk of additional error based on possible contamination of the electrode surface. In a work by Ganjali 11 the authors modified graphite screen-printed electrodes with ZnO/Al2O3 nanoparticles, and obtained a linear range of 1 -100 μM with a calculated detection limit of 0.6 μM. Au NPs were used for carbon screen-printed electrode (CSPE) modification for AA determination in serum. 12 Copper-based nanoparticles have recently become quite popular modifiers for the electrodes. 13 Khairy et al. 14 synthesized CuO nanoparticles from copper sulfate, and showed their activity for ascorbic acid electrochemical determination. These authors highlighted the importance of the morphology, surface composition, and porosity of nanoparticles of the modifier. Mahmoud et al. 15 studied the selective determination of ascorbic acid and glucose on screen-printed graphite electrodes covered with unique micro-/nanostructures of copper(II) oxide. Good metrological characteristics of the described electro-chemical sensors reduce their attractiveness, due to the complexity of the preparation of modifiers and the modification procedure, itself.
In the present work carbon screen-printed electrodes were modified with nanoparticles of copper via a single one-step procedure, and ascorbic acid electrochemical determination was studied. The nanoparticles were obtained by the pulsed laser ablation of a copper target in ethanol without stabilizers or surfactants. This method has a list of advantages. Firstly, it allows one to obtain pure nanoparticles since there are no precursors and stabilizers used. Secondly, the particles are obtained directly in the form of a stable colloid, and the colloid of nanoparticles is convenient to use as a modifier. In addition, this stable colloid can be kept for a long time without any changes in the concentration and without particle agglomeration.
Experimental
Carbon screen-printed electrodes were received from RUSENS (Russia), working and counter electrodes were printed from carbon ink, and a pseudo-reference electrode was made of silver ink. Nanoparticles of copper/copper oxides in the form of ethanol dispersion were obtained via pulsed laser ablation on a Nd:YAG laser (1064 nm, 7 ns, 20 Hz); a similar process in water is described in our previous work. 16 The modification procedure consisted in drop of 2 μL of the dispersion (0.05 g/L) onto the surface of carbon working electrode and its air drying at room temperature (Fig. 2) .
Transmission electron microscopic images of the particles from the dispersion were obtained using a CM 12 (Philips, Netherlands) microscope. A scanning electron microscopic study of the electrode surface was carried out on VEGA 3 (Tescan, Czech Republic).
Electrochemical measurements were carried out on CHI 660D (CH Instruments, USA). Cyclic voltammograms (CVs) were recorded in the range of the potential from 0 to 1.0 V with a rate of 0.05 V/s. Linear sweep voltammograms (LSVs) were recorded in the interval 0 -0.5 V with the same rate. Sulfuric acid was used as a background electrolyte (0.1 M) and prepared from a concentrated solution (Sigma-Aldrich). Ascorbic acid and glucose were received from Sigma-Aldrich as well.
Results and Discussion
TEM-image of nanoparticles obtained by the laser ablation of the copper target in ethanol are presented in Fig. 3 . The particles are spherical with sizes in the range of 10 -180 nm. They presumably consisted of copper covered with copper(I) and (II) oxides, since during the ablation process copper may react with the gases dissolved in the liquid, which leads to its oxidation (pulsed laser ablation mechanism is described in our work 17 ). SEM-images of the CSPE working electrode surface before and after modification with the nanoparticles of copper and copper oxides are presented in Fig. 4 . It can be seen that copper particles are localized on the surface of CSPE in the same agglomerates that they present in the dispersion (compare Figs. 3 and 4(b) ). The distribution of the particles over the surface is random. However, a microscopic study of dozens of electrodes from different batches modified by nanoparticles at different times showed the same character of the particle arrangement on the working electrode surface from sample to sample. Thus, the proposed modification method being, simple, convenient and cheap, gives a repeatable resulting structure of the working electrode of CSPE.
The electrochemical oxidation of ascorbic acid on the surface of modified and unmodified CSPE was studied. As can be seen from Fig. 5 , peak of AA electrochemical oxidation appeared on the surface of modified electrode (solid curve). An unmodified electrode did not exhibit electro-catalytic properties for this process (Fig. 5, dotted curve) . Also, in the absence of AA (Fig. 5, dashed curve) a peak did not appear. Thus, copper nanoparticles on the working electrode surface make it possible to detect the presence of ascorbic acid via the appearance of its electro-oxidation peak at about 0.2 V (vs. Ag/AgCl reference electrode). Figure 6 represents fragments of CVs and LSVs for Cu-CSPE in the series of AA solution with different concentrations (from 1 to 250 μM). (The range of concentrations was chosen according to the requirements for the analysis of human body liquids.) It can be easily seen that the increase of the AA concentration led to the increase of the signals-Q, which is the area under the analytical peak (I is the peak height). Both methods of voltammogram registration gave a linear correlation between signals (Q or I) and logarithmic CAA in the range of concentrations under study. The AA detection limit of 0.5 μM was determined experimentally. The standard deviation was found to be less than 1%. The standard addition experiments revealed that the recovery was in the range of 98 -102% (see Table 1 ). Thus, the metrological characteristics of the voltammetric AA measurements on Cu-CSPE are sufficiently good.
The amperometric response of the addition of ascorbic acid to the solution is presented in Fig. 7 . The current measured is higher for AA solutions than for the background electrolyte. Also, it increases after every addition of a new portion of the AA solution, showing the possibility to create an amperometric sensor for AA detection on Cu-CSPE.
The possibility of selective AA determination in the presence of glucose was evaluated. Figure 8 shows CV for Cu-CSPE in a solution of AA and glucose in sulfuric acid. Two separate peaks can be seen, indicating the potential possibility of selective analysis of AA and glucose on the proposed modified electrodes.
Conclusions
Copper nanoparticles obtained via pulsed laser ablation of a solid target in ethanol were used for carbon screen-printed electrode modification. The method of nanoparticles synthesis allows one to obtain sufficient pure nanoparticles in form of stable ethanol dispersion that can be easily dripped onto the electrode surface and dried. Such a modified electrode was used for ascorbic acid determination in water solutions. It was found that both cyclic and linear-sweep voltammetry give linear calibration curve in the range of 1 -250 μM; the detection limit was 0.5 μM. Moreover, the modified electrode exhibited amperometric response to the AA addition, and allowed separating the peaks of AA and glucose electro-oxidation upon their simultaneous presence.
Thus, the proposed electrodes are characterized by the following advantages: disposable use; small amount of the samples required for the analysis; lower price (cheap copper is used); simple and easy modification procedure; good metrological characteristics; selectivity. These characteristics of the copper-modified carbon screen-printed electrodes makes it prospective in ascorbic acid electrochemical analysis. 
